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(57) Abstract: A speed reducer (49) for a walk assist apparatus comprises first-third planetary gear mechanisms (Pj, P 2 , P 3 ) between 
an input shaft (Si) connected to a motor (48) and an output shaft (So). The second planetary gear mechanism (P 2 ) is provided radially 
outside the first planetary gear mechanism (Pj) connected to the input shaft (Si), and the third planetary gear mechanism (P 3 ) is 
provided outside, in an axis (L) direction, the first planetary gear mechanism (P,)- As a consequence, the thickness of the speed 
reducer (49) can be made less than the case where the rotation of the input shaft (Si) is reduced in three stages by the first-third 
planetary gear mechanisms (P u P 2 , P 3 ) and transmitted to the output shaft (So) with all the planetary gear mechanisms (Pi, P 2 , P 3 ) 
laid over each other in the axis (L) direction. This results that the appearance of the walk assist apparatus when worn by a user is 
improved. 
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±ka*«u ^ i ^7^^ u ^ t««* *r;» 2 ^7^^ u ^t«i*i?i 
m 2 u ^t&MT-mmvxmtjmizfcm-rz icu m 1 u ^ 

l^tutt^i^ ^27*7^u^tiin *iu>mo^« 

^2^^^^u^-¥^mfeift^^-r?)^2^^u j ra:^ii^ 
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1 79** U US 2 79** U ^»ll|:&«ktf* 3 79** U ^ttMUS 
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^ti«s»i^5j;p}'jit, 2 79** u ^mm<Dm^^m\z 
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20 SI 1 ~1 3 7^7^^ 'J ^tliT 3 ttijH/TtB*i(c€Ib^*^> Il~ 
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^^U^t— #:©S31f>^tCA^$n^IsI^&m3^^U^e.m7ab, X^J 

m ©m^ffs i~i3 u ^mm-v 3 »fc«jSUTm**iK:e«?-* - 1 

7*9 U ^^&«taa&S«fc3 teEIKUfc©*"^ A#«b<Z>[Hj3fc£fg 1 3 :/ 

u ^mm-v 3 ©fcMjsuTUi^ttiKiejiu^e^ is 1 ~m s 7*7*? u 
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20 m3v>^&&ztmsv>?^\zmm\zm&?%M&m<D$&3zf7*?v 
m37?*? v^&mm&&\z^mvTmt>mz&M-znrc$&3 *v u 
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25 E«U ^ 1 7^7^^ U ^tMO^ 1 U >^t§^r-^>^t:@^tl> - tT, 

%n i tr>^teA# $ftfciHMg*si 1 u & u 12 u 
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wz2^m^nr^mmmnormm^x 1 6 f , urt, »w& 1 4 ©wasa* & 
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m$J©-t»mT 1 5 r <DftM&&ZtftMttn^nftWm3 U 2 1 
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^12, 12; 13, 1 3 CD^-^Stftt-S^E-^ F7'T;t- 2 8 ^O^E- 
? J $>m s ?fflW3-~y b 2 6 fc«*&#«&*r««ag2 9 (#l;3-fc£N i-Zn/br 
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5 £Ig»rr3;i<£:T-, »1U>^ 1 8*«fc«ft2U>^2 0*4i»lHrti$-B:Sh;^ 

&$B£u ttffl#©jRH»*#a-att3tfsca:#T?*s. ^^21^,7^? 

3.X— ^ 1 3te> *©er—5/>^*«^«»3 u 2 1 ©t«^^;v h»a£>$n& 
ttfcfc, *©tH*tt*«#;Vb30WII!l»4U>^23<O±»fctt'&$nS. fi£ 
oT, ft2«^,T^^oLX— ^ 1 S&roKrraCiT?, ^fflI3U>^2 1^ 
10 ^-fiOft 4 U 2 3 Y)V2 ft»£U &ffl#©I*WfflS&#S • a 

I2M7i'?aX^ 1 3<D^jt«^l«^,T^^3-X-^ 1 2©Sit<h|WI--r 

15 ill^7^fal- 9 1 2CD-JT— i 4 1 iwftL&^friwjesnft 

!KI:^$nS. ^»^4 1H »1S»U>^4 2, »23BSU>^4 3, 

b4 4, *:—9;\W>if4 5£>£.Z$ : E—&X^—4 6 6«MtTl|[ 
^CD^Vh4 7 •■•T-fttifSbT^D, ^—9 )\0 9 Jyif A 5 $3 A 
-4 6 0» ; E^4 8«$n i S&ftl-XRrU >^4 2feJ;^2$jtU 
20 >^4 3©rt«Jfc«jS«4 9*«iRitt$n§. ^7 p W—h4 4^3J:tK ; £-^A^> > 
>^4 5l:^K7U>^5 0, 5 1 &^bTi*5g*&4 9 (DAMS i 
tlT^D, ; E-^4 8 0n-^5 2^iS D-^5 2©^§ 

I&OffltrX-r— ^ 5 3*^— ^A«>>>>^4 5K:0}££ns. o— ^ 5 2&J;aU 

^-^5 3 ciifn^n^^ie 5 2 a^«fct^n-r;i/5 3 a»7e>nt*o, xi 

25 -fJV5 3a»:a«t5t, D— ^ 5 2 t*K:A*lftS i **Iartg*rs. 

^3S$84 9te, ft2^J#U>^4 3©rtflJK:iRl|ft$nfcftl^^ , J^'V'«« 
P, fe«fcatft2^^^U^**P 2 »l^»U>^4 2©rt«teJRJWS 

nfeft3-/7^^u^ti^P3 tsiits. n^^uftiiPx aft 

2 7*7^U^tilP 2 (D^^ftftW-SBS;**!, »3^5^'J^t«i 
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p 3 umis »2^7^u=ftii»p 1 . p 2 ©i»L^flii:Eisn 

HI U >^tZR t tt«iJSSlLlHlDfclHrtea*EK:SB«SnfcU >£f«M>f 5 5<DI*I 

\zm&?z& i u^tzp, -*®fBS«E^j#*rsis i u x 
io p x ii+tutc, v&tg^nxiiu^tzR! fimmtfrntex 

Ilt^tZS! OA^JlH^ns, tUil'J>mZR, ©ffi 
15 «tnr! tt^t, X^-I©^1^7^U^tiiP x ©MjSJfcten 
r x /ns, ^lU-^tZS! , ^l'J>mZR 1 & 

.fctXIIl^^^^U^^ZP! ©*R4, -tn^tlz s , , zr t , zp t 
T*rfc» 3*SiJ*n r x /ns, tt, 

nr x /n s t =-zs x / z r x — (D 

20 wsns. ft, (i) ^©^ia^iutteu giu-^tzs! ©urtE&wnc 

f 2^7^'J^tilP 2 tt, i2^tZS 2 !2U>mZR 
2 <h, It©«2^7^'J^tZP 2 !2*t'JtC 2 h^mpL^o 

K§21f>^-¥ZS 2 ^^l'JVmZRx «§tlfc'J>^5 5 
25 (D^fcMSnS. »2U>mZR 2 H^->'>^4 1II@^nfcI2 

mzR 2 ici^i^Kii*'&-rsiB2^9^u^zp 2 -£nn£g&fc:^rr 

l/THHgg«EJ3l3d#$n«. tot, I2y7^'J^t«iP2 «2U> 
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mZR 2 m$tlTl2^t'JtC 2 ^HfeWfl^^^^UiTjbD, 

c 2 /ns 2 T^tl^ !2U->^tZS 2 , !2'J>mZR 2 %> 
j;^2^7^'J^tZP 2 Wl-^tlz s 2 , zr 2 , zp 2 

MjSitnc 2 /ns 2 te, 



10 T-¥%.t>n%> 0 

^3^^^^U^mP 3 H !3^>^tZS 3 ^3U>mZR 

i3-ij->=rtZS 3 te> fg2:/^^U^-¥MtP 2 »l2^t'JtC 2 Of 
^^(c-#^^$n^ 0 ^3U>mzR 3 ^7—e/>^4 1fc@^ 

!3'J>mZR 3 ^|pjB#^iii'&t-^m3^ , ^^^U^ZP3 -SrlUiiggft 
[^m3^t'JtC 3 te, I1^'J>^4 2©^}^-M7U>^ 

I3U>mZR 3 ^@t$nx^3^t'itC 3 ^lEl^tM/^y^^^UM 
20 T&D. A*W«t^^m31^>^ZS3 ^tHi^T^t, ^<DIHfe«M?i$n, 

H31?->^-\'Z S 3 <£>A#lH]ii£ifc£n s 3 I3^t'JtC 3 (Dttitim 

&$tnc 3 <h-T££> y7^'JM3y7^^tiiP 3 ©MitJtten 
c 3 /ns 3 «^n§.I3^tZS 3 , f3U>mZR 3 35 
25 .fc^lS^^^'J^tZPg -?-n^tlzs 3 , zr 3 , z p 3 

TitTi, UMitn c 3 /ns 3 te, 



L^bT, Il^^U^tiiPx (DtH^WrS»^»mi U^tZR! 



nc 2 /ns 2 =zs 2 / ( z s 2 +zr 2 ) 



- (2) 



/n s 
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= z s 3 / (z s 3 +zr 3 ) 



- (3) 
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MtP 3 ©AMMTS-5l31j->^tZS3 ©A*®fetns 3 Kllgb^fc 
5 (1) ^tBl^^^'jmiPi ©MiSifcnr! /ns x 

(2) ^t^2^7^'jniiP 2 (Dmmitnc 2 /ns 2 <h> 

(3) ^CStl3^7t^'J^tiiP 3 <DMmiknc s /ns 3 ©liteu 

^j&hh 9 <DA*imtx&z>m u ^-va^p ! i u-^-vz s t 
©suns! \z.?$~tz>, mmm4 9 ©ai^ wtfesi 3 ^7^^ u n w 

10 P 3 ©iS+t'JtCg ©lUfeicnCa ©Jtncg /n s j T-^-*. Zfl&o 
(nr x /nSi ) X (nc 2 /n s 2 ) X (nc 3 /ns 3 ) 

= n c 3 /n s, ••• (4) 
(1) 5£~ (3) Mil*l4 9©^*fcn c 3 /n s x 

nc 3 /n s x = (— z s ! / z v x )x{zs 2 / (z s 2 + z r 2 
15 )}X{zs 3 / (zs 3 +zr 3 )} — (5) 

zs x =18 zp x =27 zr x =72 
zs 2 =96 zp 2 =24 zr 2 =144 
zs 3 =36 zp 3 =54 zr 3 =144 

20 \zWLfeznx^z>fctb. ±mm$k& (5) ^\z^x-r^z.txn^n^mmm4 9 

£>M5tJ£nc 3 /ns x «> 1/5 0^5, «I14 9©A*ilS i 

£JU©£51::, f 1-13^7^'J^tiSP! ~P 3 SJtttUT«3SMi4 

25 Sfcf 1^7^'J^tiiP! (D^^|RjM'Jfc^2 7 p ^^^U^ 

*V$MftP 2 £fifcTClB*bfc<D-£\ ^l~f 3^7^'J^tiiPx ~P 3 

Lfc#e>, «li 4 9 ©IS $ ^7^^ U ^ tii 2 fi^©JI$ 
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7^fal-^12, 12^l2^7^aI^13, 13*/J«.bT 
^(D^cflBO ftigij £#^3: < JR«> & £ £ if* *Sffi \Z & £ , 

»^tT^D, ; E-^A^7^>^4 5&<fc£J^E-^;*jA-4 6©^^^:— ^4 8 

io -frmmisn, &r£^mv>?42<DmmzMmm49tfumi£tiz>, saeyw-h 

4 4*^ ; E^*A-4 6(C^-;^TU>^5 0, 5 l^LTiSi4 9 <D 
A^JlftS i nT&D, ^4 8 0n-^5 2^AAiS i 

D-^ 5 2 (DW-m&'&lOWtSXT— ? 5 3^' ; E-^A^> ? >^4 5 izmfeZtl&o 
5 2*5cfc^7,^-^ 5 3t^tlf*n 7 mi5 5 2 a& J;l^n-r;V 5 3 a#* 
15 i$tt£>nT43D> n-f;i/5 3 a\zmm-TZ>£, P-^5 2tW:AAWSi« 

3d#u >^4 2 o[Hmzum^tirc.mmm4 9 mi 7^*^ u ^mmr x 

, 1 2^7^'J^tMP 2 ^ck^3^^^^U^^P 3 m 
20 Ifcf 2^7^^'J^tiiP 2 0^^^#J^3^^^^U^^ 

mp 3 ^iBM^n^. 

m lD-y^z s x «a^ws i <Dm&\zmm>7 ^^^54 ^btii^ns. 

nmz— mzmi&zn&o ^lt^tzSi ^rai'j^tzR! \zm 
mzm&tzm i u^tzP! -%®m&mz3i&-rz>m i^t utc t 

tt, $«py l/- h 4 4 Oli^ff D C-i5^i LTKtt 5tl5. tot, 11^7 
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&<fc£Kfgl ^tl^tlz s x , zr x , zp x 

-zm~?£, mmitn r x /n s x fcju 



io T^ens. (6) ^©^©jum, sg i -vz s x ©Enig^p^cMb 
2 it0i2^7^'j^tzp 2 -t, i2^tutc 2 t*mpi& 0 

l2-tJ">^tZS 2 ««IJU>^^5 5 i <D*Vm\Z— mz&]&t£tlZ. I2'J 
15 >mZR 2 ^ML^iOJ:3(lEfi^nfcMiJU >^#5 5 oCDftMK: 

^t^2^7^U^tZP 2 •••£0iiggm£;£frr£|g2^U-VC 2 
^I/-h4 4©^M^D©-g|$#<hLTt2tt£nSo tot, ^2^7^>J 

^a«p 2 i2u>mzR 2 ^iEi^pjtgT^2^^u^c 2 tfmfe 

20 $tlfeX^-M^fe{5, ^1 U >mZR, h-fc<Dm2D->* J rZ S 2 **HI 
fitSt, -£©|gtefcJ:«5&S*U W^»ot^2'J>mZR 2 fcffi 

l2t>^tZS 2 <DAJ3\E\m$k*ns 2 tU l2<J>mZR 2 ©ffi 
rtHlteit&n r 2 tt5t, X^-i©I2m^'J=?tiiP 2 ©MitJtte 
25 nr 2 /ns 2 TJt^StlS. ^2U">^tZ S 2 , i2'J>mZR 2 
*«k^2^7^U^tZP 2 0#t*. ^tlzs 2 , zr 2 , zp 2 

-?m~t£. MiSJtn r 2 /n s 2 14, 



T#^e.tl5. (7) 5£©:&3a<Dft^fck !2t>^tZS 2 ©HHg^Oifc^U 



n r j /n s x =-zs, /zx x 



- (6) 



nr 2 /ns 2 =-zs 2 / z r 2 



- (7) 
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M$tl§. ^3t>^tZS 3 43«fctf£3 u >mzR 3 fcnuficni^-rs 

!3^7^U^tZP 3 •••*lsrt5g«EK:^«p*rS»3^^U'VC3 te, 3tJ#U 

^3/7^U^tiiP 3 ft ^3'J>WZR 3 *JHS$tlT»3+t'J 
10 ^C 3 ^lUfeUtg^y^^^UMT^D, A^OTt^f 31j->^tZS 3 

H3-tJ->^-¥Z S 3 ©X^tmteiC^ns 3 tU l3^t'JtC 3 ©m^m 
fetnc 3 tt*i, y U 1©^ 3 ^7^^ U ^tiiP 3 O^iSifcten 
15 c 3 /ns 3 T^i$n^ I3D->^tZS 3 , !3'J>mZR 3 & 
^l3y7^'J^tZP 3 Oft^ ^nzs 3 , zr 3 , zp 3 
T^i~th> M^ltnc 3 /ns 3 teu 

nc 3 /n s 3 =zs 3 / (z s 3 +zr 3 ) •••(8) 

20 L^bt, iiy^U^tiiPx ©WTO^l'J^tZR, 
©m^HIfelSnr! tt, »2^7^'J=¥t«iP 2 OAAMTfeSl2 tJ* 
>^tZS 2 ©A#lHMg*ns 2 tft<, tfcf 27"7^U^tiiP 2 
®HiMTO^2U>mZR 2 ©tBA@fiftnr 2 te> I3^7^U 
3^**1 P 8 ©AMMTfel.I3U->^tZS 3 ©ATJUHEiRnSa IzmV 
25 V>fc«>, (6) ^Tll^^U^tiiP! ©«3ajtnr x /n s x 
(7) Si:Sti2y7^U^tIiP 2 ©fl^SJtnr., /ns 2 
(8) ^ti37"7^^U^ti«P 3 tf>MS§ftnc 3 /ns 3 
ftftStiU 9 1 ^7*^ U *^«M(IP i ©I 1 Z S x 
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P 3 0Dl3^tUtC 3 (DtHl^nCa <PJtnc 3 /n s x T#;?LS>n£o 
(nr! /n s x ) X (nr 2 /ns 2 ) X (nc 3 /ns 3 ) 

= n c 3 /n s x ••• (9) 
(6) aS:- (8) ^e>» «5$«I4 9©*ifiJtiiC3 /ns! fc*. 
5 nc 3 /nsx = (- z s x / z r 1 )x(-zs 2 /z r 2 ) 

x{zs 3 / (z s 3 + z r 3 )} -(10) 

zs, =18 zp 1 =27 zr x =72 
zs 2 =96 zp 2 =24 zr 2 =144 
10 zs 3 =168 zp 3 =24 zr 3 =216 

90DM5Sitnc 3 /ns x feiu 1/13. 7^§o O^O, «1149©A* 
ttS 3. 70^-r?.i:tii^iS o^^^im^-rSiliitCl^So 

£JLL<£>J;5K:, il~l3^7^UniiP x ~P 3 £M^TM3£$I4 

w-v&Zo i y?*? u ^-vmp x ©^»ii:i2^^^'j^ 

ilP, ~P 3 ©^TS«I*L^JCfifeTBB«t"*»'&fcJt^T» »5S*I4 9 

#©«»Jfc£fll#Lft)&*e>* iSi 4 9 0f$ §^7^^ U ^tii 1 fi^Of $ 
^U^7^faX-^12, 1 2%>&.T$'m2 j mm.7Z?-=L3--'? 1 3, 

jail-Hi 3 icg^r, *f£w<D&3nMMiz&2>minn.723 L x. 

25 1 2(Dffim&%tW?Z>o f2S^7^5 1 aX-^l 3©ijll^lil; 

T^jlX— ^ 1 2<£>$tB£:ll— T&£o 
ili^^^al-^ 1 2<7)^r— »^4 1 fck ttli»L£*to£TSWJi£R« 
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«fttbT&&, ^-?/\W>t?4 5:fe±l*E— *;fr/t— 4 6©|*3«fc€-^4 8 

tt$n^>o 3£#:7V-h4 4^<fc^-^^;t-4 6fc#-M7U >^5 0, 5 
1 &frbT«i*«4 9©A#ttS i *^SnT*D, ^4 8©D^ 5 2*» 
5 AAttlS i fc@Jt£*u D— ^ 5 2©^»*flJ[0Htr^T— ^ 5 3**^— 

a43J:tf3<;V5 3 a)Wfr&nT&tK 3-f^5 3 afc»it5t, n-^ 5 2 

3dtu >^4 2 ©iWteJKiiftsn&M&ttH 9 «, mi 7?** u ^-va^tp x 

i l^^'j^tiip, a, iit>=ftzs x iiij>mzR 
ss i z s ! «a*«is i <Dffimzmm& 77^54 ^us^^ns. 

Hi ■J>mzR 1 «fft^L^ffltfJ;5{c^yi/-h4 4©»f*i>*t)©fi:fli 
l:-#:M$n5, ^lU-^tZS, &&ZSmi U >mZR, tCfWIP#t3 

«r&-r*f& 1 u^tzp, -*iEiteefek:Xf#*r*iB l^tutCx 
liu zr, ^H^^tiTH 1 ^ v u c ! ^mtewii^y^^^ u ^ 

flU-^tZS! (DA^Inlfeic^ns! iU Il^tUtCj ©ffiTjIel 
25 fe^nc! t-TSt, ^^'JlOf l^^U^fWP, ommbfe 
nc, /nsi T5t«$n^)o If! 1 +J->^Z S x . Il'J>WZR, 
fe«fcl)tI17'7^ l J^tZP 1 0f|^ ^tlzs, , zr x , z Pl 
Tift, »j|fijtnc i /ns! 

nc x /ns, = z s x / (z s x +zr x ) •••(11) 
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^2y7^U^tiiP 2 It l2ij->^tZS 2 t, !2'J>mZR 

!2t>^tZS 2 ttfl^^'J^tiiP! ©Il+t'JtC, 
5 K^ns. S2'J>mZR 2 «$i^L^Ht^cfc^{^Jt^l/-h4 4© 
^fD©fiffc-#CM$n5. 1 2t>^tZS 2 *«k^»2U>'^t 
Z R 2 fcl^^^ni'&T^m 2^7^'J=?tZP 2 -*ia<Beftfc^d**r*» 2 

U^**P 2 tt, «2U>mZR 2 *i@g$tlt^2^tUtC 2 #0 

10 fgBjffi»:^^^usn?»t), i2u->^tzs 2 ^isi^-rst, 

^2-y->^tzs 2 ©x^niteftsn s 2 tu ^2^tutc 2 ©m7jm 

«nc 2 £-T££, 7*7^^ 'JI©I2 U ^ tiiP 2 <Dffimit\Z 

nc 2 /ns 2 T?5£«$ns. f&2-tf->^ZS 2 , !2'J>mZR 2 
15 ^f2^7^'J^tZP 2 OWfc^ -tn^nzsj , zr 2 , zp 2 
-vm-t-t. MMikncz /ns 2 tt, 

nc 2 /n s 2 =zs 2 / (z s 2 +zr 2 ) "-(12) 

»3^7^'J^t«iP 8 H ^3f>^tZS 3 i3'J>mZR 
20 3 I^©l3^7^'J^tZP 3 -fc, l3^'JtC 3 

!3t>^tZS 2 (if 2y7^^'J^tiiP 2 Ol2^t , JtC 2 <D9Vm 

iz&j&zn&o i3'j>mzR 3 \t3zmv>if42<Dfom\z--mzmf&'£n 
2>o m3^>^z s 3 ^i3u>mzR s ^pn^fctt-a-rsms^ 

^U^tZPj *Sg3^U-VC3 H $tU>^4 2 

25 (D^IC^JK7U 7*y>bTHHBeftfc^J#SnS. t^T, 13^7 

^U^tiiP, H l3U>mZR 3 /&«££nTS&3^U"VC3 

5^nrtBRjn^7*^us , T?*»p, f 3*>^tzs 3 ^mfe-r^i, ^-©urns 

»3t>^tZS 8 (DXiimfeWtZn s 3 tU l3^t'JtC 3 <2ffi7J[H] 
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fet$nc 3 tnt, ^7^^ U iol 3 ^ 7^^ U ^ ti« P 3 
nc 3 /ns 3 T^i$n§. 1 3^tZS 3 , !3'J>mZR 3 
*<fc«S3^n^'J^tZP 8 s 3 , zr 3 , zp 3 

Tlti, M5itt:nc 3 /ns 3 teu 
5 nc 3 /ns 3 =zs 3 /(zs 3 +zr 3 ) —(13) 

tZS 2 <Z)A^lHl^ns 2 fc^b<, *fc^2^3"J^tWP 2 <DtB 
10 MM5l2+t'JtC 2 ©m^|ll^nc 2 ^3^^^^U^m« 
P 3 ^X^^T^§^31^>^Z S 3 ©A^lHlfeicnSg fc^L.^fc&, 
(1 1) ^^-rmi^^^U^ira^P! (DMjiJtnc! /n Sl 
(1 2) i5;\Z7r;-?%Z275*?V3r J rmmP 2 OMStltn c 2 /ns 2 
(1 3) ^fc^tf 3y7^'J^tMP 3 ©MiiJtnc 3 /ns 3 <h©1* 
15 M^4 9CDA^J^T^^^1^^^^U^^P 1 ©IlU-^tZ 

mmP 3 CD|g33r^U^C 3 ®Mnc 3 <Z)J£nc 3 /n s x T#3.£>n 

(nCi /n s j ) X (nc 2 /n s 2 ) X (nc 3 /ns 3 ) 
20 =n c 3 /n s x -(14) 

(1 1) (1 3) «3S«t4 9©«3gjtnc 8 /n s t te> 

n c 3 /n s x 

= {zs x / (zs! +zr x )}X{zs 2 / (z s 2 +zr 2 )} 

X{zs 3 / (z s 3 +zr 3 )} — (15) 

25 T-^^.e>n> mm&mz. fr^vrnm*. 

zs x =18 zp t = 27 zr x =72 
zs 2 =96 zp 2 =24 zr 2 =144 
zs 3 =168 zp 3 =24 zr 3 =216 
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9<DUMitnc a /ns x K3U 1/28. 5 <h&&„ OS 0 , M3I^4 9 <£>A# 
iSi^28. 5HHE*rstWAI|liSo*Jra^lRjfcl|HMB-r«c:t^5. 
.BUK&ckSfc:, fl~l3^7^'J=?tiiP a ~P 3 *ig«SbT«Jfi«4 

tiiP 2 &S*aTBB«U Hfc^2^7^U^ttMSP 2 ©¥^[pl^#lfc 

a«P x ~P 3 ®^T*tti»L^I^fcSfaTB3«i-«»'&KlH:^T, &ft£&4 9 

10 #©«ajt&58#bfc:#*5, M5Sa4 9 0Dj?$&^7^^U^Va«l^Off$ 
Icftl*., ^1117^^1-^12, 1 2 3$£Z$m2mm.Tl7^=L3:-? 1 3, 

X.-$l2(Dmi&?tm%~tZ> 0 ft> ^2il7^fal-^l 3©illillll 

15 T^aX— ^ 1 2©«3t£|g--T?*5. 

% 1 tt^T^n-X-^ i 2 <Dir—*s>#'4 1 «, iHL S4»'i>fr5^rji5RfSf 
!RtM$n§ 0 er--»^4 1^ Il^'J>^42, I2^U>^43, 
^^l/-h4 4, =E—$/\W>tf4: 5 ^SJctfcE— ^27A — 4 6 ^ilbTlt 
2js©3^;i/h4 7-TT— #fc»ttbTft:t), ^-^A>j7>?>^4 5 :fc££PE-^#A* 

20 -4 6©F^lgB^ ; E-^4 8#S«ft$n> Sfcfg 1 3d#U >^4 2 cfe^tfSI 2 39* U 
>^4 3©»«Ii4 9a«JKJft£ttS. $^l/-h4 4*«fc^-^A^5; 
>^4 5fc^M7U>^5 0, 5 l^l/T»I*4 9<DA*I*S i 
tlT^D, ^—^4 8©D-^ 5 2^A*«IS i teBfeStt, n-^5 2 0D^M£ 
®DHtJ7f-^ 5 3**^— ^A^5?>^4 5f£@5££n&o n — ^ 5 2&J;^X 

25 5 3ttt*nfn*A«5 5 2 a*«fc^3-f;U5 3 a^6nt*D, 3 

-f;W5 3 atC5Sflrr*£, 2t*l:A*ttS i aMsMBTS. 

ftt&tt4 9te\ I2^'J >^4 3©l*HttIfciRiW$nfcfgl ^*^U^$M# 

Pi *^2^7^^ij^tiip 2 »i^}#u>f 4 2©i#i«fcj|jarts 
nfe^3y^^^u^tn^p 3 t*mz-z>o mi^^fv^mmp* vm 
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2^n^'j^tiip 2 ©^g^ftWcBaesn, B3y^^^u^-vaa 

-So 

ii'j z r ! «$ft^L ^Htfj; 5 t^yix- h 4 4 \z-mzm&t£ti 

io ®^g^fc@Hg^n^o tot, n^^'j^tiiPx iiu>^ 
m s i 54 s^bT^-6r$n^m i z s ! ^[nfe-r § 

15 ^&n Cl £T£<i:, ^ 7^>^ U 1©^ 1 ^7^^ 'J miP t <£>M3tJt« 
nc x /ns! -VfemtStlZo Ilf^tZSi ,^1U>^^ZR 1 
^^^l^^^^U^ZP! <Z)®|&:£, ^tl-enz s x , zr x , zp x 
"Cfti, MjatbnCi As, teu 

nc x /ns! =zs x / (z s x +zr t ) — (16) 

20 T#^.e>n^o 

^2^^^^U^-VMP 2 It l2U->=^tZS 2 !2'J>mZR 
2 It©^2^7^'J^tZP 2 fg2^y-fC 2 
^2ij">^tZS 2 ^lT^WJ^tliP! <Dll^tUtC 1 (D^M 

\zmf&zn%o i2'j>mzR 2 »^->'>^4in@^$n^2^u 
25 >^4 3(DiHm\z— mzmm-zn&o i2^tzs 2 ^ck^ 2 u>^^ 
zr 2 \zmm\zm&'rz>m2 77*?v¥ j rzp 2 -&mfemE\z3c$?-?z>m2 

^^U-VC 2 te, fg23tJ#U >^4 3<£>l*lMfc:#— M7U >^5 6 £rfrbTHJ 

feg&^^^n^o tot, i2^7^u=?t«p 2 i2u>m 

ZR 2 «$tlt^2^t'JtC 2 ^HlfepJt^^^^^UMT^D, A#g& 
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m2D->¥ J TZS 2 ©A*HMB«:&n s a i:U !2^tUtC 2 <2EB7JlU 
feicnc 2 ^7^'JM2^7^'J^tI«P 2 ©MSiJtten 

5 c 2 /ns 2 t^i$n5. ^21f>^ZS 2 , !2"J>mZR 2 & 
m2^7^'J^tZP 2 <0#gfc£, s 2 , zr 2 , zp 2 

TStt, M5HJtnc 2 /ns 2 te, 

nc 2 /n s 2 =zs 2 / ( z s 2 +zr 2 ) •••(17) 

10 ^37°n^'jni«P 3 te, ^3t>^tZS 3 !3U>mZR 
3 <h, ItOl37°7^^U^tZP 3 ^3^t'JtC 3 t*m?LZ>o 

^^t-ftCi^^nS. l3U>mZR 3 (^-y>^4 1C@^ 

15 ^3>j>mzR 3 ^ipiBt«-&-r§m3^7^^u^zp 3 -^m^gffi 

fc$jtt^3^tUtC 3 m^U>^4 2<DlWc^-;V^XU>^ 
5 7^UTHIfeg^E^jt$n§o ^3y7^U=?tiiP 3 

i3u>mzR 3 «$nxi3^t'Jtc 3 ^m^Bi^y^^^uM 

~C$> 0 , A7JSW£&£lfl31X->^Z S 3 ^-(DUI^IWI^^ 

f3t>^-VZS 3 (DA7JlsIfeic^n s 3 fcU H3 U "¥C 3 (DttiTJlsI 
fetnc 3 y7^^'Ji®f 3y7^^U^tWP 3 <DM5SJ*ten 

c 3 /ns 3 ^31f>=ftZS 3 , !3U>mZR 3 & 

<fc^37°7^^'J^tZP 3 ©#tfe£, ^tl^tlz s 3 , zr 3 , zp 3 
25 T^eT£> M5Sttnc 3 /n s 3 

nc 3 /n s 3 =zs 3 / (zs 3 +zr 3 ) •••(18) 

tBTJlHl^nc! t2^7^U^tiiP 2 <Z)A7JWT&&fg2l7->* 
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tZS 2 <DXJ]\E\t&i1kn s 2 id^b<, Sfcl2 , /7^ , J^tiiP 2 £>ffi 

(16) ^tIl'/7^U^tilP 1 (DMolitnc! /ns x 
5 (17) ^l*tl2y7^U^tIiP 2 <DM5iJtnc 2 /n s 2 <h, 

(18) ^ti3^7^'jmiP 3 (DMJiJtnCa /ns 3 <h<D^ 

M?i^4 9 oa* wr^si i ^7^^ u ^tiiP ! (omi-v-y^z 

%m~P s ©^3^f 'JtC 3 OEP&itn c 3 (Ditnc 3 / n s j T#A.£>n 
10 5. 

(nc x /ns x ) x (nc 2 /n s 2 ) x (nc 3 /ns 3 ) 

= n c 3 /n s x "-(19) 
(1 6) 5£~ (1 8) M?i^4 9 0M5SJtnc 3 /n s x te, 

n c 3 /n s x 

15 = {zs x /(zs x +zr x )}x{zs 2 /(zs 2 +zr 2 )} 

X {z s 3 / (z s 3 +z r 3 ) } - (2 0) 

z s x =18 zp x = 2 7 zr x =72 
zs 2 =96 zp 2 =24 zr 2 =144 
20 zs 3 =36 zp 3 =54 zr 3 =144 

fciS^tlT^Sfc*, _LiB#ffc£ (2 0) S;K:^A-r*JltT»6ns«Jfiai4 
9<£>^5iJtnc 3 /ns x tt, 1/62. 5 £fc5„ OS tK Mi£«4 9 ©A* 
IftS i#*6 2. 5HI^-r^)i:tB7J$4S o#P»l#lRlfc: 1 HHEf 

BU:©J:Sfc, Il-lS^WJ^tiiPx ~P 3 «WUTlttl4 
25 9£«jfcbfc©*TN ^?5:M5iJt^5i^bT ; e-^4 8(Dh;l/^^iiiP$i4-«>-t 

•VttM8P 2 &S*aTBB1Bbfc0T» Il-lS^^U^tiSPx ~P 3 
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7^1-^12, 12M^l2iI7^faX-^13, 1 3 §/J«LT 

<w*ji, ^ i *i{sj©iai 4 9 fii i ~i 3 ^7^^ u ^tiip ! ~p 3 
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1. ®.mm<DmMffi*wm-mmt£i£T&ftmwi&m®>'r'<<* us) \z 
&r\mmtsnz>Ati®i (s i) ©iate£«»bTWw®fc&aft£n;fcffl#tt (s 

mm (D ±\zxtim (s n > m*i* <so) , ii^^u^tii (p 
! ) (p 2 ) ^iniifc@aeT^>^<h^fc, 

7*^U^«« (P x ) ©S^ iPl^i 2 ^7^^ »J =ftii (P 2 ) 
tafi&£J;5fcIBfiU AtjIA (S i) <Z)|§n£«ft 1 ^7^^ U^-V** (Px 

io ) ^«krj!i2 , /7^ , j^ti« (p 2 ) TMaibTmTaift (so) teai-r 

(p x ) A7j$ft (s i) fctKtt&nfcf&i-tf-:^ 
t (ZS, ) ^itf>^ (zs x ) ©^fl£ffltr«fc3K:lElige£EteES£ 
tifcHU>m (ZR, ) t, (ZS, ) *«ktf»lU>^ 

15 t (zr x ) »cra«p»c«'&T**»:«©»i7 r 9*^U^ir (zp, ) i< Ii 

y^^^U^ir (ZP, ) ^lertBS^Efc^-rs^l^^U'V (C t ) tSiA, 
12^7^'J^tW (P 2 ) fck IlU>m (ZR X ) ©fl^teKW" 

e>n^cB2iJ->^ (zs 2 ) ^2U->^ (zs 2 ) <D*wsj&ffltr«k3te 

ElSft&l2 V>##*r (ZR 2 ) fg2+J->^ (ZS 2 ) &&xm2V 

20 (zr 2 ) \zmm\zm&-t2>m$km(Dm277*?v* j r (zp 2 ) 

^2y7^'J=ft (ZP 2 ) *HHee«E^Jfr*»2^^U'\' (C 2 ) <h£ 

2. f 17-7^'J^tii (P x ) ^l+t'Jt (Cx ) *>T-\ V>V (4 
1) fcfiMU I2^7^U^ti«l (P« ) 0I2U>W (ZR 2 ) * 

25 »^ (4 1) KlHJgU m275*9V**rmm (P a ) ©»2**U^ 

(C 2 ) £tti7J«l (So) teSBfcbfc »3&g l fcfBfcO^fr 

3. 117'7^'J^tii (Px ) fe^l2 7 , 7^^U^ti« (P a ) fc 
^LTPifcv fr-omm (L) #flfcfifc*J;5K:!fl3:/7**U^«# (Ps 
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(P 2 ) <Dff§2^U^ (C 2 ) 0D4 J ^^^^&nfeH3+h>^ (ZS 
3 ) t, m3V>^ (ZS 3 ) <Z)^*fflty<fc'5^@B«$nTdr-^>^cH 
t^nfe!3U>W (ZR 3 ) t, Sg31t>*^ (ZS 3 ) M^3U> 

5 (zr 3 ) fcraii9fc*'&*r«*»c«©*3y9^^u : ^'V (zp 3 ) 
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